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Abstract. The masses of charmonium s and p-states, pseudoscalar and vector decay constants, lep-
tonic, hadronic as well as radiative decay widths for charmonia have been computed in the frame-
work of extended harmonic confinement model without any additional parameters. The outcome in
comparison with other contemporary theoretical and experimental results is presented.
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The experimental investigations in charmed quark sector has opened up a vast data
bank for the hadronic decays into various channels [1, 2, 3]. A hadronic transition or
decay between quarkonium levels is understood as a two-step process in which gluons
first are emitted from the heavy quarks annihilating each other and then recombine
into light hadrons. Perturbative QCD is not directly applicable because the energy
available to the light hadrons is small and the emitted gluons are soft. Nevertheless,
the final quarkonium state is small compared to the system of light hadrons and moves
nonrelativistically in the rest frame of the decaying quarkonium state.
Decay rates of heavy quarkonium states in the non-relativistic limit with some QCD
radiative correction have been studied through various phenomenological models sub-
jected to substantial relativistic corrections [4]. In the heavy flavour sector, the nonrela-
tivistic expressions in accordance with the factorizable assumption for the long-distance
part and the short-distance part of the decay amplitudes, are proportional to the square
of the radial wave function at the origin. We employed there a relativistic harmonic
confinement model with scalar plus vector potential [5].
HADRONIC MASSES FROM ERHM
The mass of a hadron having p number of quarks in ERHM can be obtained as [5],
MN(q1q2.....) =
p
∑
i=1
εN(qi, p)con f +
p
∑
i< j=1
εN(qiq j)coul +
p
∑
i< j=1
εJN(qi,q j)SD (1)
where the first sum is the total confined energies of the constituting quarks of the hadron,
the second sum corresponds to the residual colour coulomb interaction energy between
the confined quarks and the third sum is due to spin dependent terms.
The intrinsic energies of the quarks in charmonium system is given by
ε(N)con f =
[
(2N +3)ΩN(q) + M2q − 3MqΩ0(q)/
2
∑
i=1
Mq(i)
]1/2
(2)
The coulombic part of the energy is computed using the residual coulomb potential
given by [6],
Vcoul(qiq j) =
k αs(µ)
ωnr
(3)
here ωn represents the colour dielectric “coefficient” [6]. ωn is found to be to be state
dependent [5], so as to get consistent coulombic contribution to the excited states of
the hadrons. It is a measure of the confinement strength through the nonperturbative
contributions to the confinement scale at the respective threshold energy of the given
flavour production.
We construct the wave functions for charmonia by retaining the nature of single parti-
cle wave function but with a two particle size parameter ΩN(qiq j) instead of ΩN(q) [7].
Now coulomb energy is computed perturbatively using the confinement basis with two
particle size parameter defined above for different states as, εN(qiq j)coul = 〈N|Vcoul|N〉.
The fitted parameters to obtain experimental ground state mass are mc = 1428 MeV,
k = 0.19252 and the confinement parameter A = 2166 MeV3/2.
The confined gluon propagator derived in the current confinement scheme (CCM)
for gluons has been employed in the derivation of one gluon exchange potential using
RHM wave functions for quarks under the Breit formalism [8]. This COGEP has central,
tensor and spin-orbit terms in addition to many momentum dependent terms.
From the centre of weight masses, the pseudoscalar and vector mesonic masses are
computed by incorporating the residual two body chromomagnetic interaction through
the spin-dependent term of the COGEP perturbatively as,
εJN(qiq j)S.D. = 〈NJ|VSD|NJ〉 (4)
where |NJ〉 is the given hadronic state. For mesons |NJ〉 becomes the |qiq¯ j〉 states. We
consider the two body spin-hyperfine interaction of the residual (effective) confined one
gluon exchange potential (COGEP) as [8],
Vσi·σ j =
αs(µ)N2i N2j
4
λi ·λ j
[Ei +mi][E j +m j]
[4piδ 3(ri j)−C4CCMr
2D1(ri j)]
(
−
2
3σi ·σ j
)
(5)
The spin-orbit interaction of the residual (effective) confined one gluon exchange poten-
tial (COGEP) is given as [8]
V LSqiq j =
αs
4
·
N2i N2j
(Ei +Mi)(E j +M j)
λi ·λ j
2ri j
[
4~L ·~S
(
D′0(ri j)+2D′1(ri j)
)] (6)
In the case of mesonic states, ~L and ~S correspond to the orbital and spin operators of
the relative co-ordinates. Where D′0(ri j) and D′1(ri j) appeared in Eqns (5) and (6) are
derivatives of the confined gluon propagators of CCM [8].
TABLE 1. Masses of cc¯ in comparison with PDG and other theoretical models
State JPC Present [1] [17] [18] [19] [20] [21]pert [21]nonpert
ηc(11S0) 0−+ 2985 2980 2981 2990 2979 3093 2980 2982
ηc(21S0) 0−+ 3626 3638 3625 3627 3588 3096 3597 3619
ηc(31S0) 0−+ 4047 – 4032 – 3991 – 4014 4053
ηc(41S0) 0−+ 4424 – 4364 – – – – –
J/ψ(13S1) 1−− 3096 3097 3089 3097 3096 3096 3097 3097
ψ(23S1) 1−− 3690 3686 3666 3685 3686 3476 3686 3686
ψ(33S1) 1−− 4082 4040 4060 4050 4088 3851 4095 4102
ψ(43S1) 1−− 4408 4415 4386 3443 – 4223 4433 4447
χc0(13P0) 0++ 3431 3415 3425 3496 3424 3468 3416 3415
χc1(13P1) 1++ 3464 3511 3505 3525 3510 3468 3508 3511
χc2(13P2) 2++ 3530 3556 3556 3507 3556 3467 3558 3556
hc1(11P1) 1+− 3497 3526 3524 – 3526 3467 3527 3524
χc0(23P0) 0++ 3891 3800 3851 – 3854 3814 3844 3864
χc1(23P1) 1++ 3899 3880 3923 – 3929 3815 3940 3950
χc2(23P2) 2++ 3916 3940 3970 – 3972 3815 3994 3992
hc2(21P1) 1+− 3907 3904* 3941 – 3945 3815 3961 3963
DECAY PROPERTIES OF MESONS
Without any additional free parameters, using the Van-Royen-Weisskopf formula for
computing leptonic decay widths [9] without radiative correction term, we have com-
puted leptonic decay widths and are tabulated in Table 2 alongwith other theoretical as
well as experimental values.
The Van Royen - Weisskopf formula used for the meson decay constants is obtained
in the two-component spinor limit [10]. fP and fV are related to the ground state radial
wave function R1S(0) at the origin, by the Van Royen - Weisskopf formula modified
for the colour as, f 2P/V = 3|R1S(0)|2/piMP/V where MP/V is the ground state mass of
the pseudoscalar/vector meson. In the present computations, fP = 410.34 MeV which is
closer to the experimental value of 410 ± 15 MeV, while the other results are 496.42
[9], 357 [11], 349 [12], 498.90 [13], 549.61 [14] and 663.06 [15] (all values in MeV).
We employ radial wave functions to compute the hadronic as well as radiative decay
widths of the vector and pseudoscalar mesons of cc¯ system based on the treatment of
perturbative QCD as [16]
Γ(n3S1 → hadron) =
40
81pi (pi
2 −9)α3s
|RnS(0)|2
M2n
(7)
Γ(n1S0 → hadron) =
8
3α
2
s
|RnS(0)|2
M2n
; Γ(n1S0 → γγ) = 12α2e4q
|RnS(0)|2
M2n
(8)
Here, symbols have their usual meanings. The computed decay widths in comparison
with other theoretical predictions are tabulated in Table 3.
TABLE 2. Leptonic decay widths (in keV) of cc¯(n3S1)
State Present [1] [23]pert [23]nonpert [9] [15] [22]
J/ψ(13S1) 5.469 5.55 ± 0.14 4.28 1.89 4.80 7.82 6.72 ± 0.49
ψ(23S1) 2.140 2.48 ± 0.06 2.25 1.04 1.73 3.83 2.66 ± 0.19
ψ(33S1) 0.796 0.86 ± 0.07 1.66 0.77 0.98 2.79 1.45 ± 0.07
ψ(43S1) 0.288 0.58 ± 0.07 1.33 0.65 0.51 2.19 0.52 ± 0.02
TABLE 3. ηc → γ γ (in keV) with correction terms and light hadron decay (in MeV)
of cc¯ meson
Models Γ ΓNRQCD ΓEXP. Γ(a) Γ(b)
ERHM[5, 7] 7.67 7.06 10.90 0.79
BT[13] 11.19 7.5 [24] ± 19.55 1.44
PL(Martin)[14] 13.81 0.8 38.20 3.36
Log[9] 11.26 9.02 [25] ± 20.84 1.58
Cornell[15] 20.09 2.3 34.86 2.21
CPPν=1.4 −VS[26, 27] 8.36 13.72 0.84
N Fabiano [28] 14.38±
1.07±0.55
a(ηc → LH) b(J/ψ → LH)
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